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refined" form.  In determining the optimum overall systems, however,
maintenance and durability must be considered along with the problems
of complying with existing federal and state regulations, especially
those relating to emissions.

LIQUID FUELS FROM OIL SHALE AND COAL

Pioneer production of coal and shale liquids is expected to begin in
the mid-1980s, with substantial production by the end of the century.
By the year 2025, there is the possibility that half of the U.S. liquid
fuel production will come from these sources. While such predictions
cannot be made with any precision, it is nevertheless clear that it
will be some time before important quantities of liquid fuel are derived
from coal and shale.

There are major differences among the various crude liquids ob-
tained from coal and shale.  One is hydrogen content.  The atomic
hydrogen/carbon (H/C) ratios for coal liquids vary between 1.0 and
1.2, and the atomic H/C ratios for shale oil and petroleum crudes vary
between 1.6 and 1.8.  Typical liquid fuels in use today fall in the 1.7-
1.9 range. While the relatively low hydrogen contents of aromatic fuels
may be advantageous for use in engines that require higher octane gaso-
lines, diesel engines and home heating furnaces have difficulty burning
fuels in which the H/C ratio is low.  Hydrogen can be added to coal
liquids to increase the H/C ratios, but this is expensive and wasteful
of energy.  The thrust of future technology will be toward a more effi-
cient use of hydrogen to achieve a given product composition.

As coal and shale liquids come into use, they will replace petro-
leum in different applications with varying degrees of suitability, as
indicated in Table 1.  Petroleum will, of course, be best suited for all
its present usee, since these were developed around petroleum, but
petroleum components now used for heavy fuel oil will be converted
to more highly refined products (e.g., aliphatic petrochemicals and
olefins for plastics); these can be produced more economically from
the heavier petroleum components than from shale and coal liquids.
Coal liquids, because of their high aromatic contents, will be excel-
lent sources of gasoline and could be preferentially used for this
purpose; their low hydrogen contents will also make them useful for
the production of heavy fuel oil.  Shale liquids will generally fit
the same use patterns as petroleum and should be useful for the pro-
duction of jet and diesel fuels.

Coal or coal char can also be converted to a CO/H2 mixture which
can, by catalytic conversion, be made to yield a variety of hydrocar-
bons, alcohols, and chemicals.  If fuels high in hydrogen are required
from coal, this "indirect" liquefaction might provide the most appro-
priate route. Aromatic gasoline components can also be produced by
this means.